In the arid sweetveld regions of South Africa producers are marketing beef steers increasingly as long weaners (ca. 12 months of age) or finishing them on the natural grazing to a ready-to-slaughter stage at between 18 and 30 months of age. Limited production norms in this regard are available since most growth and carcass studies have been conducted in the sourveld regions of the country. In this study steers from four different beef maturity types which differ in body frame size were used, viz. Simmentaler crosses (large, >500 kg mature weight), Bonsmara crosses (large-medium, 450-500 kg mature weight), the Afrikaner (small-medium, 400-450 kg mature weight) and the Nguni (small, <400 kg mature weight). After weaning the steers in each type were randomly allocated to three groups, viz. groups slaughtered at 18, 24 or 30 months of age after raising them on natural sweetveld pasture. Live weight, cold carcass weight, carcass fat classification code and number of visible incisors were recorded. Growth rates from weaning to 24 months of age were similar for the different maturity types, though the Afrikaner steers gained significantly less than the Bonsmara crossbreds. Periods where high growth rates occurred (at 12 to 18 months of age and 24 to 30 months of age) coincided with the rainy season. Relatively low dressing percentages were noted and could be attributed to the fact that all internal organs and fat were removed at slaughtering, as well as a possible high level of gut fill. Due to genetic variation within maturity types it was not possible to predict the market readiness of a particular individual from its live weight. The carcass weights were heavier for steers slaughtered at 24 months of age than those at 18 months of age, but had a lower fat classification code. This seems to be due to the fact that these steers were slaughtered at the end of the winter period when the quality of the grazing was at its lowest. The carcasses of all maturity types had the highest fat classification codes at 30 months of age. However, the carcasses of 77.8% of the Simmentaler crossbreds were graded 1 (lean) in the fat classification. Furthermore, at 30 months of age 23.8% of all steers had more than two permanent incisors. This increases their carcass age classification, which lowers their carcass grading according to the South African grading standards, and thus their price per kg relative to the younger ages. The results of this investigation indicated that steers of all frame sizes would have to be fed additional energy to ensure that they finish with a fat classification code of at least 2 before the age of 30 months to ensure optimal financial returns.
Introduction
classified the natural grazing in South Africa as sweet-and sourveld. He defined "sweetveld" as natural grazing which remains palatable and nutritious throughout the year, even when mature, whereas the "sourveld" provides palatable material only in the growing season. Animal growth during the winter period in sourveld regions is predominantly negative, while in the sweetveld positive animal growth can occur in winter.
Most growth and carcass related studies conducted in South Africa have been restricted to the sourveld areas (Reyneke, 1976; Van der Merwe et al., 1980; Gertenbach & Henning, 1995a) and, due to the animal husbandry practices in these regions, this inevitably led to investigations into animal growth and/or carcass characteristics from cultivated pastures (Gertenbach et al., 1995 : Le Roux et al., 1999a b) , in feedlots (Swanepoel et al., 1990; Gertenbach & Henning, 1995b; Strydom et al., 2001; ) or in feedlots where the animals received growth stimulating implants (Meaker & Barnard, 1988) . The enhancement of poor quality roughages (especially crop residues) also received attention (Brand et al., 1989; Snyman & Joubert, 2002; South African Journal of Animal Science 2004, 34 (1) © South African Society for Animal Science 2 Taute et al., 2002) . However, little if any scientific research has apparently been published on the finishing of steers on natural pastures in the sub-tropical sweetveld regions of southern Africa.
Production systems where beef steers are marketed at 18 to 30 months of age rather than as weaners have been suggested to be better suited to arid environmental conditions (Coetzee, 1971) . This management practice introduces more flexibility to the producer's marketing strategy, by allowing for timely control of animal numbers in relation to erratic rainfall patterns. Thus, the risk involved in farming with cattle in arid regions would be reduced. In practice, producers use different maturity types to produce meat from natural pastures. The aim of this study was to define criteria for growth and carcass characteristics for maturity types which vary in frame size at the end of the wet (at 18 and 30 months of age) and dry seasons (at 24 months of age) of the year, so that decisions can be made, based on optimal production and marketing of steers directly from natural sweet pastures.
Materials and Methods
The study was conducted from 1995 to 2001 on ca. 4 387 ha on the eastern side of the Mara Research Station (23° 05' S and 29° 25' E; 961 m.a.s.l.) which is situated in the Arid Sweet Bushveld (Acocks, 1988) of the Limpopo Province of South Africa. The vegetation in the study area includes the woody tree species, Acacia tortilis, Commiphora pyracanthoides, Boscia albitrunca and Grewia spp. and the grass species, Eragrostis rigidior, Panicum maximum, Urochloa mosambicensis and Digitaria eriantha (Dekker et al., 2001) . The long term mean rainfall is 452 mm, but during the study period the mean annual rainfall (measured from July to June) was 498 mm, ranging from 232 mm to 846 mm, of which approximately 80% occurred from November to March. The mean daily maximum temperature ranged from 22.6 °C in June to 30.4 °C in January.
The Simmentaler crossbred (SX) steers were bred from cows originating from a two-way Simmentaler x Afrikaner crossbreeding study. Cows consisting of approximately two thirds Simmentaler were mated with a Simmentaler bull, representing large-framed maturity types. The cows of the reciprocal cross were mated to Bonsmara bulls to represent the large-medium framed maturity types (BX). Purebred Afrikaner (AF) and Nguni (NG) steers represented small-medium and small-framed maturity types, respectively. Cows were selected throughout the trial period to comply with weight criteria and early maturing Bonsmara bulls were used to ensure that differences in frame size occurred between the steers of the different maturity types.
Due to logistical constraints the different steer groups were allocated in separate, but adjacent camps for the entire study period. To reduce possible camp effects the stocking rates (ha/LSU) were balanced according to the metabolic body weight (Meissner et al., 1983) of the animals. Stocking rates were managed to ensure that they did not exceed 12 ha/LSU.
Calves were born from the end of October to the middle of December. All steers were weaned simultaneously when the last steer reached 205 days of age (mean age = 237±22 days). Castration took place during the weaning phase. Other herd management practices (e.g. dipping, vaccination) were standardised for all breeds. No supplementary feeds or licks were supplied.
Steers born during a specific calving season were randomly divided per maturity type into three groups and slaughtered at 18, 24 or 30 months of age, respectively. Steers were born from October to December and slaughtered either in May (18 and 30 months of age) or November (24 months of age). Live weights were recorded at 28 day intervals after withholding food and water for at least 12 hours. Live weights at 18, 24 and 30 months of age (548, 730 and 912 days of age, respectively) were either interpolated or extrapolated from the 28 day weighing records, depending on whether the steers were slaughtered before or after reaching the slaughtering age. Cold carcass weight was determined 24 hours post mortem and was used to calculate dressing percentage from the actual live weight. Carcass weight at a specific age was then calculated as the product of the corrected live weight and the dressing percentage. The carcasses were classified according to the official carcass classification system (Government notice no. R. 1748, 26 June 1992) as summarised in Table 1 . No fat thickness measurements were taken. The number of visible permanent incisors was also recorded.
Live weight, carcass weight, dressing percentage as well as weight gain and relative weight gains were analysed with the univariate analysis of variance of the GLM procedures (SPSS, 2002) . Age at slaughter, maturity type and year of birth were included as main effects. All two-way interactions were included in the model. Actual age at slaughter was included as a covariate in all applicable cases. Significant differences between means were computed, using the Bonferoni procedure (SPSS, 2002 (SPSS, 2002) . Differences in frequency distributions were computed, using the Mann-Whitney test (SPSS, 2002) . 
Results and Discussion
The periods from 7 to 12 months of age and from 18 to 24 months of age coincided with the winter season, while the periods from 12 to 18 months of age and from 24 to 30 months of age coincided with the summer season. During the winter seasons the growth rates of all steers were lower (P < 0.05) than during the summer seasons (Figure 1 ). This is mainly due to high quality, easily digestible grazing available during summer, and the low quality and digestibility of the vegetation during winter (Relling et al., 2001) .
It is noticeable that steers of the different maturity types maintained similar growth rates up to 24 months of age ( Figure 1 ). Weights used in compiling Figure 1 were not corrected for age. Although there were significant (P < 0.05) differences (Table 2) in the mean live weight gain of the respective maturity types from weaning to 12 months of age and from 18 to 24 months of age, these differences were small in terms of the absolute growth rates and from 12 to 18 months of age growth rates were similar for all maturity types. The mean live weight gain from weaning to 24 months was similar for all breeds except for the BX steers (162.6 kg) that gained significantly (P < 0.05) more than the AF steers (139.6 kg). Results reported by Cianzio et al. (1982) support these findings. They reported that the growth rates of large and small framed steers on a growing-finishing diet were similar from 11 to 19 months of age. The similar growth rates of the large framed SX, BX and the small framed NG steers in the present study imply that the growth rate of immature steers under the grazing conditions in this study was limited to a maximum threshold. This viewpoint is supported by Crouse et al. (1985) who reported that the energy intake (MJ ME/d) of Simmentaler cattle was higher (P < 0.01) than that of Angus cattle on a high-energy diet, but similar on a low-energy diet. In contrast, Prior et al. (1977) suggested that on low-energy diets energy intake may be limited by bulk fill in smaller framed steers, but not in large-framed steers. The low energy diets in their study contained between 45 and 52% maize. On an all forage diet, as in the present study, it can be assumed that bulk fill could have limited energy intake in all breeds to the extent that only minor differences in growth rates between maturity types of different frame sizes could be manifested. Nguni and AF steers had lower (P < 0.05) growth rates from 24 to 30 months of age than the SX and BX steers (Table 2) . Similarly, O'Mary et al. (1979) reported that the growth rate of small-framed Angus steers slowed down when they started to finish after 120 days of a 150 day feeding period, while the large-framed Charolais steers maintained a high growth rate throughout the feeding period. This could be due to the fact that especially NG steers had reached maturity in terms of live weight gain and were finishing off. Fortin et al. (1981) observed that differences between breeds in terms of carcass composition did not appear to be the result of different growth rates for the various tissues, but were rather due to differences in the onset of rapid fattening, with small-framed, early maturing maturity types starting to deposit fat at an earlier age than large-framed, late maturing types.
If growth rates are expressed relative to either live weight or expected mature weight (Table 2) , NG and BX steers maintained higher (P < 0.05) relative growth rates from seven to 12 months of age than the AF steers, while NG steers maintained significantly higher relative growth rates than the SX, BX and AF steers
The South African Journal of Animal Science is available online at http://www.sasas.co.za/Sajas.html South African Journal of Animal Science 2004, 34 (1) © South African Society for Animal Science 4 from 18 to 24 months of age. From 18 to 24 months of age the AF steers maintained the lowest relative growth rate (P < 0.05). Both periods coincide with the dry winter periods when the nutritional status of the natural pasture is low. From 12 to 18 months (summer period) the NG and AF steers had higher (P < 0.05) relative growth rates than the SX and BX steers. Although NG steers had the lowest (P < 0.05) relative growth rate between 24 and 30 months of age, their relative growth rates were similar to those of the other maturity types during the other growing periods. Across maturity types absolute growth rates and growth rates relative to expected mature weight followed the same pattern, being lower (P < 0.001) during the winter periods than during the summer periods. Live weight gain relative to live weight differed (P < 0.001) between all growing periods. It was lowest between 18 and 24 months of age, most probably because the quality of the grazing was lower than during the summer grazing periods and that maintenance requirements are higher than for weaning, allowing very little nutrients for growth.
When compared on a constant age basis, various authors reported that large-framed breeds grew faster than small-framed breeds (Smith et al., 1976; Koch et al., 1979; Crouse et al., 1985) . These comparisons, however, considered the whole growing period and did not differentiate between the high growth rate growing phases and the slower-growth-rate finishing phases of small-framed cattle. These reports obscured the possibility that small-framed breeds may grow at similar rates as large-frame breeds during the highgrowth-rate phase before the onset of fattening starts the slow-growth-rate finishing phase (O'Mary et al., 1979) .
Live weight, carcass weight and dressing percentage (Table 3) increased with increasing age (18 months <24 months <30 months; P < 0.01). For all three traits the maturity type x year of birth interaction was significant (P < 0.05), while for live weight and carcass weight the age at slaughter x maturity type interaction was significant (P < 0.01). For dressing percentage the age at slaughter x the year of birth interaction was significant (P < 0.001). These interactions were only significant for the treatment groups slaughtered at 30 months of age. Mainly all interactions involving maturity type were due to the AF steers performing contrary to expectations.
Differences in live weight (% gain above 18 month weight in parenthesis) for steers slaughtered at 18 and 24 months of age (dry winter season) were: 52.9 kg (14.4%), 5.9 kg (1.5%), 9.1 kg (2.8%) and 58.1 kg
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(20.2%) for SX, BX, AF and NG steers, respectively. In contrast, the differences in live weight (% gain above 24 month weight in parenthesis) for steers slaughtered at 24 and 30 months of age (wet summer season) were higher (P < 0.01), and were 155.0 kg (36.9%), 154.4 kg (39.0%), 129.5 kg (39.1%) and 92.8 kg (26.7%) for the SX, BX, AF and NG steers, respectively. Although no conclusive evidence exists, based on the findings of Dikeman et al. (1985a; b) and Harris et al. (1997) it can be assumed that at least a portion of the rapid increase in live weight that occurred from December to May during the rainy season, when abundant food was available, could be ascribed to compensatory growth. The gain in carcass weight (% gain above 18 month weight in parenthesis) for steers slaughtered at 18 and 24 months of age was 36.6 kg (21.0%), 6.4 kg (3.4%), 5.7 kg (3.8%) and 33.5 kg (23.6%) for the SX, BX, AF and NG steers, respectively, while higher (P < 0.01) carcass weight gains were realized from 24 to 30 months of age (% gain above 24 month weight in parenthesis) and were 86.7 kg (41.1%), 88.0 kg (44.7%), 68.8 kg (43.9%) and 55.0 kg (31.4%) for SX, BX, AF and NG steers, respectively.
Dressing percentages (Table 3) in this study were lower than the 60% (Koch et al., 1976; May et al., 1992; Wheeler, et al., 1996; Pringle et al., 1997) or the 57% (Strydom et al., 2001 ) generally reported for grain-fed cattle. It is within expectations that the dressing percentage of the animals in this study will be lower than that of grain-fed cattle. It was, however, not expected that the dressing percentage would be less than that reported from other studies on forage-fed cattle. Schroeder et al. (1980) and Camfield et al. (1999) reported dressing percentages ranging from 53.4% to 58.0% and 55.3% to 56.9%, respectively, for foragefinished cattle. Possible reasons could be the low degree of finish of the carcasses (low carcass fat classifications) especially at 18 and 24 months of age, and that all internal fat and organs (including kidneys and pelvic fat) were removed during slaughter and/or the phenomenon that the body fill in grass-fed cattle is higher than in grain-fed cattle (Young & Kauffman, 1978; Bidner et al., 1986; Bennett et al., 1995) . Furthermore, cattle in the USA are slaughtered at a higher fat content in the carcass, resulting in comparatively higher dressing percentages.
Although AF steers tended to have a lower dressing percentage at all ages than the other groups, it was only significant (P < 0.01) at 30 months of age (Table 3) . Dressing percentage increased (P < 0.01) with increasing age. An increase in dressing percentage with increasing age was also reported by Moody et al. (1970) .
The South African Journal of Animal Science is available online at http://www.sasas.co.za/Sajas.html No breed differences in terms of mean live and carcass weights were found between different years of birth. Breed differences, however, occurred at 24 and 30 months of age for dressing percentage. It is not clear why, but especially steers born in 1996 had a significantly lower dressing percentage at 24 months of age than steers born in 1995, 1997 and 1998 and slaughtered at 24 months of age. The other cases may be due to natural genetic and environmental variations that occurred. Column means for breed types within the same age group with different superscripts differ (P < 0.001) e,f,g Column means for year of birth within the same age group with different superscripts differ (P < 0.01) h,i,j Column means for means within the same age group with different superscripts differ (P < 0.01) Although the live and carcass weights were higher (P < 0.01) at 24 months of age than at 18 months of age, steers had less (P < 0.01) fat on the carcasses at 24 months of age (Table 4) . This is expected since the steers reached the age of 24 months just after the winter dry season and the ages of 18 and 30 months just after the rainy summer season. Carcasses that received a 2 fat classification code were deemed to be finished to a marketable degree. The largest portion of the steers reached a marketable finishing standard at 30 months of age, except for the SX steers that were still not finished, according to the current carcass classification standards. The majority of SX carcasses received 1 fat classification codes (< 1 mm
The South African Journal of Animal Science is available online at http://www.sasas.co.za/Sajas.html South African Journal of Animal Science 2004, 34 (1) © South African Society for Animal Science 7 subcutaneous fat) at 30 months of age, but the fat covered mainly the dorsal areas of the carcasses and was not distributed down to the ventral parts and was also very unevenly distributed. The same fat classification code and the fat covering of the BX, AF and NG carcasses were more continuous and were distributed down to the ventral parts of the carcasses. According to Camfield et al. (1999) the differences in measures of carcass fatness are greater and more attainable in steers developed in feedlots than in steers developed on pastures. In feedlots nutrients are supplied in excess of what is needed for maximal bone and muscle growth and the surplus nutrients are used in the formation of fatty tissue. Although it seems as if the supply of nutrients might have been enough to allow for the accumulation of fatty tissue in BX, AF and NG steers, the excess supply might not have been sufficient to expressed differences in rates of fatty tissue accumulation between breeds. Hence, no significant differences in the distribution of the BX, AF and NG carcasses receiving 1 and 2 fat classification codes were observed for all age groups. Also, the low numbers observed in this study, may have played a role in this observation. A clear relationship between live weight and fat classification code cannot be identified (Table 5) . In most cases, factors such as normal genetic variation (Sullivan et al., 1999) and the low/medium quality of the available feed (natural pasture) make it difficult to establish significant relationships concerning growth and weight parameters. The large variation in live weight within each weight group combined with the few animals in some weight-fat class groups support the above explanation. Due to the inability to identify a significant relationship between live weight and fat classification code (Table 5) , it was not possible to predict the actual market readiness of these steers at a particular age from the live weight at that age. Other measurements such as the visual assessment of slaughter readiness will have to be used to identify animals that are finished and ready to be marketed. At 18 months of age only one NG steer had one permanent
The South African Journal of Animal Science is available online at http://www.sasas.co.za/Sajas.html (Table 6 ). All the other animals had only temporary teeth. At 24 months of age 92.3% SX, 42.1% BX, 55.6% AF and 58.3% NG steers still had no permanent incisors. The rest of the steers had either one or two permanent incisors and were classified AB. It is evident that even at this young age many steers had already started to become physiologically mature. At 30 months of age only 7.7% of AF steers had no permanent incisor. Most steers already had two permanent incisors (SX 62.5%, BX 76.5%, AF 84.6%, and NG 76.5%), while a meaningful proportion was classified in the B age class for having either three or four permanent incisors. The frequency distributions for number of visible permanent incisors of the different maturity types were similar between breeds at 18 months of age. At 24 months of age fewer (P < 0.05) SX steers had permanent incisors than the BX steers, while at 30 months of age more (P < 0.05) SX steers had three or four permanent incisors than the AF steers. Bonsmara cross  16  1  22  2  2  Afrikaner  14  3  12  1  Nguni  16  2  17  4  Total  67  6  62  4 11 a,b,c Totals for slaughter age groups with different superscripts differ (P < 0.01) d,e Breeds within age groups with different superscripts differ (P < 0.05) At 30 months of age 23.8% of all steers had three or four visible incisors. Even if this proportion is a true reflection of the population teething rate, the magnitude of the weight gain achieved from 24 months of age to 30 months of age, coupled with the inexpensive food source utilized, should more than compensate for losses due to the lower age classification of these carcasses.
Conclusions
In order to take maximum advantage of rapid weight gains, marketing steers from natural pastures in arid regions should be done at the end of the wet summer season (18 and 30 months of age in the case of this study). Steers received higher fat classification codes at the end of the wet season than at the end of the dry season and were the highest at 30 months of age. If marketing steers before the age of 30 months is considered, animals should be fed in a feedlot or supplemented on the natural pasture.
Bonsmara crossbreds, AF and NG steers received better fat classification codes than SX steers at all slaughtering ages. At 30 months of age SX steers still received mainly a 1 fat classification code. Thus, it
The South African Journal of Animal Science is available online at http://www.sasas.co.za/Sajas.html South African Journal of Animal Science 2004, 34 (1) © South African Society for Animal Science 10 seems that large framed breeds (mean cow weight >500 kg) may need supplementation on natural pastures or be finished off in a feedlot to achieve a 2 fat classification code. None the less, the finishing of large framed breeds from natural pastures is not recommended.
Although 23.8% of all steers had more than two visible permanent incisors at 30 months of age, most steers were classified as the AB age class. Marketing at a marginal earlier age (27 months) may provide an opportunity to utilise the period of high growth and reduce the number of animals being classified in the B age class.
